J. C. FANTONE This study was performed to determine whether depletion of myocardial glutathionr would impair recovery of left ventricular function of blood-perfused, isolated hearts after reversible ischaemic injury.
Cats were treated with either vehicle or buthionine sulfoximine (BSO), an inhibitor of gammaglutamylcysteine synthetase, the rate-limiting enzyme in the synthesis of glutathione. The feline isolated hearts were perfused with the blood of normal donor cats before and after 40 min ofglobal myocardial ischaemia. The myocardial concentration of glutathione of the BSO group, 178 f 38 ng/mg tissue, was significantly less than that of the control group, 292* 38 ng/mg tissue (PcO.05).
The peak left ventricular developed pressure (LVDP) 1 h after reperlnsion, expressed as a fraction of the peak LVDP before ischaemia, was 0.87 f 0.10 for the control group and 0.64 f 0.08 for the BSO group (P= 0.05 us. control). The peak left ventricular dP/dt after reperfusion, expressed as a fraction of the peak dP/dt before ischaemia, was 1.08f0.14 for the control group and 0.78+0. 09 for the BSO group (P=O.O5 us. control).
The myocardial creatine kinase activity of the BSO group, 1046 f 46 U/g tissue, was not significantly different from that of the control group, 1038 f 17 U/g tissue fP=O.87).
Thus Hearts from mongrel cats of either sex were isolated and perfused via the aorta with blood drawn from a blooddonor cat. Blood-donor cats (3-5 kg) were anesthetized with 0.7 ml/kg iv of a dial-urrth- 
Preparation of isolated heart
Buthionine sulfoximine was obtained from Sigma Chemical, St. Louis, MI. After preparation of the donor cat as described above, the control or BSO-treated cats were anesthetized with 35 mg/kg iv sodium pentobarbital and anticoagulated with 300 U/kg iv sodium heparin.
The heart was excised quickly and mounted on the perfusion apparatus. Arterial blood, drawn by the roller pump from the blood-donor cat, was maintained at 37°C by a heat exchanger and monitored continuously with a thermistor probe. The perfusion pressure was recorded with a pressure transducer connected to a side arm of the aortic cannula, and was maintained at 75 mmHg by manually varying the flow rate of the perfusion pump.
The isolated hearts were suspended in a water-jacketed vessel maintained at 37°C. During ischaemic arrest the hearts were immersed in 0.9% sodium chloride solution. Otherwise the hearts were kept moist by periodically applying 0.9% sodium chloride to the surface.
The vena cava and pulmonary veins were ligated and the pulmonary artery was cannulated to collect the coronary venous effluent, which was returned to the jugular vein of the blood-donor cat via the venous reservoir and roller pump. A left ventricular drainage cannula was secured at the apex of the heart with purse string sutures. Blood collected through the drainage cannula (< 1 ml/min) was returned to the venous reservoir. The hearts were paced electrically from the right atria1 appendage at a rate of 150 beats/min. An electrocardiogram was recorded from the isolated heart with one electrode attached to the aortic cannula and another to the apex of the heart.
Left ventricular volume was controlled with a water-filled latex balloon placed in the ventricle through the left atria1 appendage. The balloon was connected by a short length of stiff polyethylene tubing to a syringe and a pressure transducer.
Left ventricular pressure and its electronically derived first derivative (dP/dt) were recorded through this system. Ventricular function curves were inscribed by increasing the volume of the balloon by 0.2 ml increments so that ventricular diastolic pressure varied between 0 and 35 mmHg.
After stabilization for 60 min, the left ventricular pressure and dP/dt were recorded for left ventricular end-diastolic pressures varying from 0 to 35 mmHg by adjusting the balloon volume. The balloon volume was adjusted to the value that produced a left ventricular diastolic pressure of 15 mmHg. The hearts were subjected to zero-flow ischaemia for 40 min, followed by reperfusion. Fifty per cent of the hearts from each group developed ventricular fibrillation after reperfusion and were defibrillated with injections of 100~1 of saturated KC1 solution into the perfusion cannula. The perfusate was not allowed to recirculate. After reperfusion for 60 min the hemodynamic measurements were repeated.
Tissue creatine kinase and glutathione
Samples of blood were obtained from the pulmonary artery cannula 10 min after reperfusion to measure oxidized glutathione as described below. After reperfusion for 60 min and recording of the post-ischaemic left ventricular function curves, the hearts were perfused with 100 ml of Kreb's buffer to wash out the blood in the vascular space. The hearts were then freeze-clamped with tongs precooled in liquid nitrogen.
Creatine kinase
Previous studies have shown that the myocardial CK activity of isolated, blood-perfused cat hearts was unchanged after 40 min of The samples were mixed with tip1 of rriethanolamine and incubated for 60 min at room temperature.
The concentration of oxidized glutathione was extrapolated from a standard curve.
Data analysis
.\ll data are expressed as meansf~.~.~.
Difftirences were considered significant for /'<0.05.
An unpaired t test was used to compare the control and BSO groups.
Results
The first objective was to identify a schrdule of treatment with buthionine sulfoximinc (BSO) that significantly reduces the concentration of glutathione in the cat heart. The myocardial concentration of glutathione was 998 + 79 ng/mg tissue (n= 2) in non-ischarmic cat hearts, a value similar to that reported lin the mouse heart [/0]. Four hours after the injection of BSO 1.6 g/kg ip. thr myocardial concentration of gtutathione was 790 ng/mg (n = 2). The concentration of 'glutathionr w;ts 6 17 ng/mg j II = 1) 18 11 after BSO 1.6 g/kg ill. After treatment with BSO 1.6 g/kg ip li)r 2 days, the myocardial concentration of gtutathione was 272 ng/mg (n = 2). 'l'hrrcfbrc~, the latter schedule of administration was selected for subsequent experiments.
Experiments were performed to examine the correlation between thr post-ischaemic recovery of left ventricular function and the myorardial concentration ofglutathionr. Cats were assigned randomly to treatment with either vehicle in = 6) or BSO in = 6) 1.6 g/kg ip 42 and 18 h before the experiments.
'I'hc peak left ventricular developed pressure L\'l>1'1 for the control group was I42 f 4 before ischaemia and 12 1 f 12 after rrpcrfusion (P=O. 11; ser Fig. I ,I . The peak L\'DP for the BSO group was 165 f 14 befhre isctiactmia and 106 f 16 aftrr reprrfusion 1 P= 0.00.3 I, 'I'he peak L\'DP after rrperfusion, cxprt~sst~cl as ;t fraction of the peak LVDP brfi,re isc,llaemia, was 0.87 f 0.10 for the control ,group and 0.64f0.08 lbr the BSO group (P=O.O5 ;\. control).
Similarly, thr prak left ventricular dP/dt after rcpcrfusion, expressrd ;W a liartion of the peak dP/df before ischacmia. \V~X 1.08fO.14 fhr the control group and 0.783~0.09 for thr BSO group iP=O.O5 i'). control; see tion of glutathione. The myocardial concentration of glutathione of the BSO group, 178 f 38 ng/mg (a= 5)) was significantly less than that of the control group (PcO.05 us. control).
There was a significant correlation between the myocardial concentration of glutathione and the peak LVDP after reperfusion expressed as a percentage of the peak LVDP before ischaemia (R = 0.64, P= 0.03).
The myocardial creatine kinase activity (CK) of the BSO group, 1046 f 46 U/g tissue (n=5), was not significantly different from that of the control group, 1038 f 17 U/g tissue (n= 6; P= 0.87). Therefore, the depletion of glutathione appears to have caused an impairment of post-ischaemic contractile function that cannot be attributed to a greater extent of irreversible cell injury.
Discussion
The results demonstrate that ( 1) there is a significant reduction of the total glutathione concentration of cat hearts subjected to global ischaemia for 40 min followed by reperfusion for 60 min, (2) 
